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In  August, 1963, a proposal fo r  an orb i ta l  receiving system capable 
of detecting the 101v frequency radio energy from t h e  planet Jupi ter  w a s  
submitted t o  the National Aeronautics and Space Administration. 
Wr-176 was  awarded t o  the University of Florida i n  June, 1964, providing 
funds for  design studies and prototype construction i n  accordance with the 
proposal. Work was  begun, f i r s t ,  to become acquainted with the problems 
of satellite experimentation, and second, to  investigate methods of accom- 
plishing the sc i en t i f i c  objective, which i s  measurement of t h e  absolute 
f lux  density and pulse structure of the Jovian noise bursts a t  frequencies 
belaw the ionospheric cutoff. Since t h i s  par t  of the radio spectrum is  
inaccessible t o  ground-based observation, and because of the sporadic 
nature of t h e  source, a satellite experiment package w a s  the design goal. 

Contract 

During initial design studies, i t  w a s  decided tha t  the actual construction 
of the prototype should be delegated t o  a firm with experience i n  space instru- 
mentation. 
competent electronics firms. 
made on the basis  of design, cost, and personnel. 
was issued a purchase order in January, 1965, and construction of the proto- 
type orb i ta l  receiver has now been completed. 

I n  November, 1964, requests for  proposals w e r e  distributed t o  
Proposals w e r e  received and an evaluation was  

The Ewen Knight Corporation 

1.2 Background 

The University of Florida began a systematic study of the decameter 
radiation from Jupi ter  i n  1956, and i t  has maintained a continuous program 
of monitoring the planet f t  a number of frequencies throughout t h e  inter-  
vening period of 9 years. y2,3 lfie University operates an extensive radio 
observatory near the Gainesville campus, and since 1359 it has shared w i t h  
the University of Chile the maint  nance of a southern hemisphere radio 
observatory near Santiago, Chile.' During the last  year two additional 
f i e ld  s ta t ions for  monitoring emissions around 5 Mc/s were instal led,  one 
i n  the interference-free mountainous region of northern Chile, near t h e  
town of Huanta, the other i n  Arecibo, hrerto Rico. A t  the present time 4 
faculty members, 1 post-doctoral research associate, 6 graduate students, 5 
undergraduates, and 10 supporting personnel are engaged i n  the overall  radio 
a s t ronoq  program, which has received financial  support from the National 
Science Foundation, the Office of Naval Research, t h e  Army Research Office 
(Durham), and the  National Aeronautics and Space Administration. 

The resu l t s  of the observations have provided information on the rotat ion 
period of the "solid" surface of Jupi ter ,  which i s  permanently obscured by 
c l0uds ,~ ,5  
and magnetic field.'s3r5 It appears possible tha t  the radio signals may 
represent cyclotron radiation from clouds of pa r t i c l e s  trapped i n  radiation 
be l t s  surrounding Jupi ter ,  and there is evidence of a correl  t on between 
the Jovian radio outbursts and solar and geophysical events. '3' The recently- 
reported correlation between the posit ion of the satellite Io and t i m e s  of 

and the have also indicated t h e  existence of a Jovian ionosphere 



-4- 

reception of the decameter radiation a t  earth7s8 has been substantiated by 
the  University of Florida data, 
t ha t  of understanding t h e  mechanism by which the radio noise i s  generated. 

An important objective of the program is 

The University of Florida program is  the largest  devoted t o  radio 
s tudies  of Jupi ter ,  and i t  is also t h e  oldest  i n  terms of a continuous 
series of observations. 
program to take advantage of significant advances in instrumentation, 
including t h e  use of satellites. 

It is a logical extension of t h i s  well-established 

1.3 Scient i f ic  Objectives 

Cniversity of Florida data indicate tha t  the occurrence probability, 
peak flux density, the mean f lux  density of Jovian decametric radiation 
a l l  increase monotonically w i t h  wavelength. gFp8 The mean f lux  density 
shows a spectral index from -5 to  -8 over much of the observable decametric 
range, suggesting that  the bulk of the radiat ion may actually l i e  i n  the 
low-frequency ta i l ,  which is unobservable from the ground because of iono- 
spheric cut-off. F u r t h e m r e ,  the apparent structure o t h e  Jovian radio 
sources changes radically a t  frequencfes below 15 Mc/s, 
st ructure  o 
ionosphere.f2 Any serious ef for t  t o  develop a sat isfactory theory of 
the Jovian decametric sources, and t o  account fo r  the energy budget, 
demands r e l i ab le  data a t  the  lowest possible frequencies. Thus, the 
objectives of the proposed experiment are t o  obtain absolute flux 
measuremeats, resolve the pulse s t ructure ,  and provide a continuous t i m e  
record of Jupiter 's  emission belov 5 Mc/s. 
objectives, data  should be obtained on galact ic ,  solar ,  and perhaps 
terrestrial radiation. 

€1 and the pulse 
the emission is unquestionably al tered by the terrestrial 

Incidental t o  the principal 

Since the  only feasible way t o  obtain such data appears t o  be long- 
term monitoring from a s a t e l l i t e  above the ionosphere, the University of 
Florida has developed a prototype o rb i t a l  radiometric receiving system 
f o r  t h i s  purpose, 

Above the  ionosphere, the s a t e l l i t e  experiment would be shielded 
from low-frequency terrestrial interference. 
woul-d be received without traversing the ionosphere, the vexing problem 
of the extent t o  which the ionosphere modifies the pulse structure could 
be resolved. 
imately 4 Mc/s, 2 &/s, 1 Mc/s, and 0.5 Mds, should provide def ini t ion 
of the spectrum. A continuous time record of the sporadic Jovian noise 
a t  these low frequencies w i l l  permit correlat ion of temporal variations 
i n  t h e  emission with solar ,  planetary, and interplanetary parameters, 

Since the Jovian signals 

Absolute f lux measurements a t  four fixed frequencies, approx- 

Positive ident i f icat ion of the Jovian signals may w e l l  represent the 
central  problem i n  th i s  experiment, and it is  f e l t  tha t  it is  here tha t  the 
long experience of the Florida group can make an important contribution. 
Because the outbursts tend to occur i n  "noise storms" whose centers of 
ac t iv i ty  d r i f t  slowly up or down the spectrum, 13,14 
bursts on satell i te records could i n  m o s t  cases be effected through corre- 

ident i f icat ion of 
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l a t i o n  with the extensive ground-based observations that  are made continu- 
ously by the Florida group from both hemispheres of the earth. 
t i ve ly  favorable noise levels and ionospheric conditions i n  Chile permit 
routine 5 Mc/s observations from the s ta t ion  near Santiago, and the 
recently-constructed fhranta observatory i n  the deep mountain valley i n  
northern Chile is  probably excelled as a low-frequency monitoring site 
by few places on the surface of the earth. 

The rela- 

2.0 summary of Work 

bs June 1, 1964, t h e  subject contract  w a s  activated and e f fo r t s  were 
begun t o  design and construct a prototype multifrequency orb i ta l  receiver. 
Dr. G. R, -bo attended a two-week sunrmer conference on the Orbiting Astro- 
nomical Observatory t o  become acquainted with the problems of satellite 
instrumentation. Dr, N. F. Six, Jr. m a d e  v is i ts  t o  sc i en t i s t s  who had 
orbited experiments, and t o  industr ia l  firms which had designed and fabri-  
cated spacecraft hardware. 
forced the conclusion t h a t  it would be most expeditious t o  have the f i n a l  
design and fabrication of t h e  prototype performed by a firm thoroughly 
familiar with the  problems of building f l i g h t  hardware. 
discussed with E&. F, R. Gracelp of NASA during h i s  v i s i t  t o  Gainesville 
on October 27, 1964. 
formulated ear ly  i n  the program 

Discussions subsequent t o  these visits rein- 

This decision was  

Figure 1 is the or iginal  performance schedule 

2.1 Design Studies 

Based on discussions with previous satell i te experimenters and with 
industry personnel who had participated i n  the design and construction of 
spacecraft instruments, specifications were wri t ten fo r  a radiometer system 
capable of measuring the desired parameters. 
bassd on the -:ollmiing considerattons. In  order t o  es tabl ish the required 
sens i t iv i ty ,  it was assumed t h a t  the m i n i m  detect b le  brightness temper- 
a ture  would be that  of the galactic background (-10 
incident flux density exceeded the  dynamic range of the radiometer, 
provision was made for the switching of attenuation into the antenna 
c i r cu i  t . 

These specifications were 

8 %). In  case the 

Various antenna types have been invest i  ated, and the most suitable 
appears t o  be the deHavilland *'STEIP device." Two 120-foot un i t s  mounted 
on opposite faces of the spacecraft would form a dipole. 
pat terns  a t  the operating frequencies are shown i n  Figure 2. 
one end of the dipole towards the earth,  the reception of man-made noise 
tha t  has leaked through the ionosphere would be minimized. 

The antenna 
By pointing 

Calculation of the brightness of Jupi ter  is normally inappropriate 
since the "brightness" calculated f o r  a point source depends on the  sol id  
angle (n) of the antenna beam. However, a comparison of Jupi te r  noise 
with that  from the galaxy can be made i f  an "equivalent" brightness fo r  
Jupi te r  is  calculated. By "equivalent" brightness i s  meant tha t  brightness 
which an extended source must have i n  order t o  produce the same noise power 
a t  the receiver as that  which i s  produced by typical Jovian signals. 
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Figure 3 shows a comparison of Jupiter noise w i t h  tha t  from the  galaxy. 
The curve through the latter points has been extrapolated t o  frequencies 
below 2 W / s ,  based on discussions with experimenters. 16*17 
of Michigan experiment indicates a more dras t ic  fa l l -off  of cosmic noise 
brightness below 2 Mc/s than i s  indicated i n  the figure.18 
the brightness corresponding t o  the average of the peak Jovian bursts re- 
corded during each five-minute period of ac t iv i ty  i n  1962 by an antenna 
having a beamwidth of one steradian. Curve B1 shows the brightness 
corresponding t o  the average of the f ive  strongest Jovian bursts recorded 
i n  the entire 1962 apparition. The curve through the data  points i n  the 
5 t o  27 W / s  range was obtained from measurements made a t  the University 
of Florida stations in  Florida and Chile. 
curves AI arsd B1 w e r e  arrived at by assuming the spectral  character of 
tbe Jovian noise LO be about che sane as tha t  of the cosmic noise. Curves 
A2 and B2 show the brightness curves tha t  would have been obtained i f  
measurements of the Jovian signals had been made by the proposed deHavilland 
dipole antenna. 

The University 

Curve A1 shows 

%e dashed extrapolations of 

A point t o  be considered i n  the i n i t i a l  design of a radiometer i s  the 
signal-to-noise ratio.  
contributes a great deal more background noise t o  the experiment than does 
the receiver, 
caused by the background noise it must be greater than or  equal to AP i n  
the expression 

For low-frequency radiometers the galact ic  continuum 

I f  a signal is t o  be picked out of the random fluctuations 

vhere PG i s  the background noise, N is t he  noise factor (approximately 
equal t o  l), T i s  the time constant and Av is  t h e  bandwidth. Equation 
(1) i s  commonly referred t o  as the "radiometer equation". 
Figure 3 labelled "Minimum Detectable Signal" w a s  arrived a t  by using the 
following values of 7 and Av: 

The curve i n  

4 Mc/s 
2 Mds 
1 Mc/s 
0.5 Mc/s 

.1 sec 

.1 sec 

.1 sec 

.1 sec 

5 KC 
10 KC 
10 KC 
10 KC 

The signal-to-noise r a t i o s  calculated for  t h e  four frequencies i n  question 
are a l l  about 10 i f  the tvo lower curves i n  Figure 3 are used as the signal 
and noise respectively, 
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I n  the spectral  range 0.5 to  4.0 &/s, radiofrequency interference 
from t h e  ear th  should be more of a consideration a t  4.0 Mc/s t h  
lower frequencies, which are well below the ionospheric cutoff. fg Discus- 
sions with FCC of f i c i a l s  prompted the selection of the following channels 
t o  be monitored: 4.135 - 4.140, 2.065 - 2.075, 0.995 - 1.005, and 0.500 - 
0.510 */s. 

a t  the 

Since the estimated minimum detectable signal requires that  the receiver 
t i m e  constant be of the order of 0.1 second, the experiment can u t i l i z e  t h e  
t i m e  resolution of the receivers by sampling a t  a rate of 10 samples/sec. 
The following considerations then apply i f  the OGO satellite is  the selected 
vehicle. 
four of the 125 available inputs to the main multiplexer, the s ine wave 
response w i l l  be 6.94 cycles/sec when the four KB sampling rate is  used. 
The monitors w i l l  each be connected to  one subcolllwrtator input. 
r e s u l t  i n  each monitor being sampled every 36.86 seconds for  the four KB 
sampling r a t e ,  which should be adequate. Special-purpose telemetry has  been 
provided by the spacecraft fo r  wide-band experiments. 
experimnt  could f a l l  i n to  t h i s  category, the project director  might alter- 
natively assign it t o  the wide-band telemetry Bystem. 

Assuming t ha t  the  experiment can secure f o r  each receiver output 

This w i l l  

Since t h e  proposed 

2.2 Experiment Package Design 

It w a s  the feeling of the experimenters that  a successful prototype 
radiometer should meet the follotling specifications: 

I. Components 

A. 

B e  

c. 

Dunany antenna wi th  character is t ics  to match those of a 240-ft. 
deHavilland dipole antenna a t  the operating frequencies of the 
receivers . 
Matching network(s) necessary for maximum power transfer from 
the antenna t o  the rece%vers, assuming an antenna module 
capacitance of 52puf. 
practicable t o  changes of capacitance due t o  entrance of space- 
craft in to  t h e  ionosphere. 

Rssponse should be as insensit ive as 

Four Superheterodyne receivers t o  operate a t  approximately 0.5, 
1.0, 2.0 and 4.0 Mc/s, respectively. Each receiver should meet 
the following specifications: 

1. Center Frequency (approximate) 0.5, 1.0, 2.0 
or  4.0 Mc/s 

2. Bandwidth (AF) 5 K c / s  a t  4 Mc/s 
10 K c / s  a t  2, 1, 
0.5 Mds 

3. Noise Figure 5 db 

4. Equivalent Input Noise Temperature 95OoK 



5. Input Impedance Choice of 
Contractor 

6. Output Impedance < 1000 ohms 

7. Post-detection Integration Time 0.1 second 

8,  Output Voltage (Single-valued 
dynamic range of 40 db) 

0-5 Vdc 

et  eference so t ha t  an antenna temperature (T) :: 10' OK produces an output voltage about 1.0 V 
above the minimum usable detector voltage, Le., 
i.0 vo l t  in to  the l inear  portion of the dynamic 
response curve. ) 

9, Auxiliary Output Voltage 
(thermistor t o  moai t o r  receiver 
temperature) 

10. Operating Power Required 

11 . Operating Voltage Required 

0-5 Vdc 

0.5 watts 

Choice of Contractor, 
t o  Interface w i t h  
Voltage Regulator i n  
I t e m  E Below 

12. Stabi l i ty:  t h e  frequency, gain 
and response specifications must 
be maintained over the temperature 
range -5% t o  45'~ ami over space- 
c r a f t  power supply variations from 
23.5 Vdc t o  33-5 Vdc. In  addition, 
t h e  contractor should supply curves 
describing the frequency, gain, 
bandwidth, and dynamic range 
dependence on temperature and 
primary voltage. 

13. Accuracy (absolute) f 25% 

D. Calibration source (matched t o  each receiver) 

1. Output white noise power-three 106 OK 
levels equivalent to  the following 
antenna temperatures : 109 OK 

3 x 107 OK 

2. Power Required S 1 watt 

3. Voltage Required Choice of Contractor, 
t o  Interface with 
Voltage Regulator ir! 
I t e m  E Below 
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4. Auxiliary Output Voltage 
(thermistor t o  monitor 
cal ibrator  temperature) 

5. Stabi l i ty:  supply curves 
for  each level 

6. Accuracy (absolute) 

E. Voltage regulator 

1. Primary Voltage 
(Primary voltage subject t o  
t ransients  up t o  50 Vdc for  a 
duration of 10 milliseconds.) 
Experimezt sha l l  not be damaged 
by application of any supply 
voltage from 0 t o  +42 Vdc for  
durations up t o  10 minutes. 

0-5 Vdc 

Output Noise Power 
vs. Temp. and Output 
Noise Power VS. 
Primary Voltage I 

f 20% I 

4- 5.5 
- 4.5 28 Vdc 

2. Primary Input Power Up to 4 watts 

3. Output Voltage Choice of Contractor, 
t o  Interface with 
Receivers and C a l i -  
brator 

4. Output Power Up t o  3 watts 

5 .  Awil ia ry  O u t p u t  Voltage 
(thermistor t o  rconitor 
regular temperature) 

0-5 Vdc 

F, Temperature sensors (thermistozs or  devices chosen t y  Contractor 
t o  reg is te r  the temperature of each receiver,  the ca l ibra tor ,  and 
the voltage regulator for  temperatures from -5OC to  45'C) 

1, Output Voltage 0-5 Vdc 

G. Step attenuator (in 10 db steps) 
(may need one f o r  e a c h  receiver) 

0 to  40 db 

H. Switches - Switching w i l l  be necessary to  turn on power to  each 
receiver and power t o  the ca l ibra tor  ( to  be used once every 10 
t o  15 minutes), t o  switch attenuation into the antenna c i r cu i t ,  
t o  switch the input of each receiver from the  antenna t o  the 
ca l ibra tor ,  and to  w i t c h  between levels  of tne calibrator.  
Calibration must be automatically cycled by timing device i n  
spacecraft. Attenuation to  be switched into antenna c i r c u i t  
v i a  ground ccmmand. 
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11, Experiment-spacecraft interface specifications for  the  OGO spacecraft 
are given i n  STL pamphlet number D-13356 Rev. B. 
a s i m i l a r  spacecraft tha t  the experiment must interface mechanically, 
thermally and electr ical ly .  

It is  with t h i s  o r  

111. Testing: Thermal, vibration and RFI tests sha l l  be made to guarantee 
that  the experiment is  capable of meeting the  foregoing specifications 
and of interfacing w i t h  the OGO spacecraft as discussed i n  Section 11, 

2.3 Request f o r  Proposals 

A Request fo r  Proposal was drawn up and discussed u i th  Dr .  Robert 
Stone, Head of the Radio Astronomy Section, Planetary Ionospheres Branch, 

detailed proposal& 

2.4 Evaluation of Proposals 

constituted the best  overal l  approach t o  the design problem. 
order was  issued i n  January, 1965, and f ina l  delivery of the prototype w a s  
accepted in June of 1965. 

A purchase 

The next section describes the prototype radiometric receiving system. 



. .  . 
* 3 .O Prototype L o t 7  Frequency Radiometric Receiving System, Model EK/LF-4F 

3.1 Introduction 

The EK/LF’-4F Radiometric Receiving System is  a four-channel low f r e -  
quency superheterodyne t o t a l  power radiometer. 
designed fo r  ultimate space-borne investigation of t he  low frequency radio 
emission from the planet Jupiter. 
is shown i n  Figure 4. 

This prototype system i s  

A photograph of the prototype EK/LF-4F 

The four-channel radiometer is designed as  an in tegra l  unit ,  i n  that 
each channel shares a common antenna, cal ibrat ion source, programmer, and 
power supply. The versatility of the  EK/LF4F for adaption t o  a specif ic  
program is  indicated by the special features l i s t e d  below: 

Common Antenna Input. 

High Input Impedance. 

Tunability - Independent channel tuning by L, 0. 
crystal replacement. 

Calibration Level - each channel calibration level  
may be s e t  independently, 

Bandwidth - each channel bandwidth may be 
easily adjusted. 

Gain - each channel gain may be easi ly  adjusted. 

Programing ve r sa t i l i t y  - the  programmed elements a r e  
voltage controlled. 

a) Gain - each channel separately. 
b) Calibration Level. 
c) Channel Selection. 

Logarithmic Response. 

Fast Response Time - the output stages a r e  designed 
t o  provide up t o  0,001 sec integration t i m e .  

Outputs - the output stage of each channel is  designed 
t o  mate to  telemetry equipment. 

The programmed functions are: 

A l l  c i rcu i t ry  and components are selected and designed t o  m e e t  f l i g h t  
specifications. 

3.2 System Configuration 

3-2.1 General System Configuration (Reference Figure 5 )  
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The 'Ynput transformer" dis t r ibutes  RF signal t o  a l l  four receivers - .  
from the  antenna a t  high impedance, with minimum loss and minimum frequency 
sensi t ivi ty .  The '%al. Gate" i s  an RF single  pole-double th row switch 
which se lec ts  e i ther  the antenna (via input transformer) o r  the cal ibrat ion 
system as a signal source for the receiver. A l l  four '%al, Gates" a re  
operated synchronously by the "Cal. Gate Control." Following the '%al. 
Gate Control," a l l  four channels a re  ident ical  (except fo r  tuning) and 
independent; only one w i l l  be described. 
40 db gain, with low noise and relat ively wide bandwidth (50 Kc 3 db points). 
The "Atten." is a matrix of diodes and res i s tors ,  enabling the  appropriate 
L-pads t o  be switched in to  t h e  receiver for  the desired over-all gain. 
The crystal-controlled local osc i l la tor  and balanced mixer translate the 
signal from RF t o  100 Kc. 
gain a t  narrow ( 5  Kc or 10 Kc) bandwidth, with l inear  signal. compression 
of 40 db t o  10 db; i.e., 10,000:linput power change produces 1 O : l  DC 
voltage change a t  the  output. 
provides current drive for  t h e  logarithmic feedback, low impedance output, 
and functions a s  an operational amplifier for  integration. 

The RF amplifier provides about 

The Log IF  and detector provide 40 db to  60 db 

The DC amplifier is  a micromodule which 

The cal ibrat ion system consists of a dummy antenna t o  keep input source 
impedance constant between operate and ca l ibra te  modes, an isolat ion pad 
to prevent crosstalk, a voltage-controlled attenuator, and the cal ibrat ion 
generator. 
source driving a wide band amplifier. A X-DC converter provides power 
t o  the Solitron device. 

The cal ibrat ion generator is a Solitron so l id  state video noise 

3.2.2 Programner (Reference Figure 6 )  

I n  the present EK/L;F4F laboratory system, a manually operated programmer 
is provided. 
+12 V potential  t o  the voltage-controlled cal ibrat ion gate and attenuators. 
To minimize the compl=ity of the rotary switches, diodes w e r e  used i n  sev- 
e ra l  places as "or" gates, and on the mode switch "zero" position to remove 
a l l  power from the cal ibrat ion generator. 
cal ibrate  gates a re  i n  the cal ibrate  position (i*e. ,  the receiver input 
sees the duxmny antenna), but no cal ibrate  signal is  applied. 
voltage switching operation is shown i n  Figure 6. A bistable  multivibrator 
i s  provided t o  apply d i f fe ren t ia l  voltage to the  cal ibrat ion gates. 

It consists of a ser ies  of rotary switches to  d is t r ibu te  the 

I n  the "zero" position, the 

The p r o g r m e r  

3.2.3 Calibration Generator (Reference Figure 7) 

The cal ibrat ion generator i s  a wide-band, high level  noise generator, 
It consists of a Solitron SD-2L solid state noise source, with a f l a t  output 
of 100 K c  t o  10 Mc, and a 100 Rc-5Mc wide band amplifier. 
diode is energized by an 80 V o l t  l o w  current DC converter, consisting of 
a saturating transformer type of blocking osc i l la tor  and a r ec t i f i e r .  
wide  band amplifier i s  a col~ppon emitter-common collector feedback pair ,  
employing second collector t o  f i r s t  base feedback t o  achieve high input 
impedance and low output impedance. 
Solitron diode t o  the amplifier. 

The Solitron 

The 

An emitter follower matches the 

Following the amplifier i s  a voltage-controlled attenuator consisting 
of two diode operated L-pads. I n  order t o  i so l a t e  a l l  channels, a r e s i s t i ve  
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T-pad precedes each channel. 
may be adjusted at  t h i s  point. 
selected for  each frequency) presents t o  the Cal, Gate the same impedance 
a s  the input dis t r ibut ion transformer, 

Calibrate level t o  each specif ic  channel 
Finally, a dummy antenna (L, C, and R 

3.2.4 Input Distribution (Reference Figure 8)  

The antenna impedance varies widely with frequency, but the  voltage 
t ransfer  t o  each channel must be equal. To solve t h i s  problem, together 
with the problem of signal distribution a t  very high impedance levels,  a 
system of f i v e  transformers is used. 
t o  a "floating" winding on a master transformer. Four link windings couple 
energy a t  a low impedance level to each of four step-up transformers. With 
very 'Little l5d-tu-lfdc coiiplfng in Zhe mister  trzrisftriir, only a smll 
amount of interact ion antong channels exists. Each channel step-up trans- 
former is  designed t o  compensate for frequency-sensitive mismatch losses, 
and is  tuned on the  secondary winding t o  present a re la t ive ly  r e s l s t i ve  
source t o  the f i r s t  RF stage. 

The antenna terminals a r e  connected 

3.2.5 RF Amplifier (Reference Figure 9) 

Preceding the  RF amplifier is  the C a l ,  Gate, Its function is as  a 
s ingle  pole-double throw voltage-controlled switch, providing a signal t o  
the  RF amplifier from e i ther  the  receiver input or the cal ibrat ion system. 
It consists of two s e t s  of three diodes each. 
two ser ies  diodes of set 1 are biased on, and the shunt diode of set: 2 
i s  biased on; a l l  others a re  off.  
switched t o  the opposfte bias. 

In  the operate mode, the 

In the  ca l ibra te  mode, a l l  diodes are 

The RF amplifier i s  a f ie ld  e f fec t  t rans is tor ,  which couples very 
The output c i r cu i t  of t h i s  high input impedance with low noise figure,  

t rans is tor  is  tuned i n  the conventional manner. 
2 f k ,  s ignificant in te rna l  feedback exists, necessitating a L-C-R neutral- 
izing network from drain t o  ga te  t o  minimize input R-C losses. To achleve 
maximurn gain i n  t h i s  stage, a high input impedance matching amplifier 
follows, It has an unbypassed emitter r e s i s to r ,  enabling accurate gain 
adjustment as w e l l  as high input impedance. 
t h i s  stage t o  the low impedance voltage-controlled attenuator . 

A t  frequencies above 

An emitter follower matches 

The attenuator is similar to t h a t  described i n  Section 3.2.3 above. 
Two 10 db sections and one 30 db section are provided t o  enable selection 
i n  10 db s teps  from 0 db t o  40 db. 

3.2.6 IF and Video (Reference Figure 10) 

The IF input stage is  an emitter follower t o  i so l a t e  the local  
osc i l la tor  sfgnal from the input lines. 
controlled osc i l la tor  generates the L.O. signal, coupling t o  the mixer 
via a secondary winding on the  L.O. transformer (T-1). W o  diodes a re  
switched on and off once per Leo. cycle, a l ternately completing a ground- 
reference dfode/transformer bridge t o  modulate the RF signal i n  a balanced 
fashion. The IF product of t h i s  modulation i s  selected by a tuned trans- 
former (T-2). Two conventional transformer-coupled I F  stages a r e  coupled 
by a resistor-diode attenuator. D.C. feedback varies diode forward current 

A transformer-coupled, c rys ta l  
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t o  achieve a signal compression. 
diode corrects the logarithmic signal compression t o  linear-logarithmic 
response, and a series diode functions as a square l a w  detector. A micro- 
module operational amplifier (SN522) is adjusted for a voltage gain of ten, 
and provides a feedback path for integration of the  output signal. 

Following the second IF stage, a shunt 

3.3 System Specifications 

Power Input: f 12V (0.5% regulation, < 10 MV ripple) 

-12v - +12v 

Four Receivers: 150 ma 150 ma 

Calibrate: 50ma 50 ma 

Programmer : 100 ma 

Total: 300 ma 200 ma 

Gainhndwidth: 

Channel A ( - 4 I&) 
Gain: 

m: 
fo: 

Integration : 

Channel B ( - 2 Mc) 

Gain: 

BF! : 

fo: 

Integration: 

Channel C ( - 1 Mc) 
Gain: 

Bw: 

fo: 

Integration: 

1.1 pv rms for  1.5 VDC out 

5 Kc (3 db pts.) 

4.143 Mc 

100 Ills 

1.6 MV r m s  for  1.5 VDC out 

10 Kc (3 db pts.) 

2.078 Me 

100 ms 

1.6 pV rms for  1.5 VDC out 

10 Kc (3  db pts.) 

1.011 Mc 

100 ms 
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Gain: 1.6 pV rms for 1.5 VDC out 

10 Kc (3 db pts.)  BGJ: 

fo: 0.516 Mc 

Integration : 100 m s  

Input Impedance: I n  excess of 50 K 

Output ‘fmpedance: 600 ohms 

Compression: 40 db below signal for maximum output produces 
1O: l  voltage range. 

3.4 T e s t  Procedures 

3.4.1 Gain 

High level  accurate noise sources (above lo6 OK) are  generally 
unavailable, and therefore an al ternate  method of determining gain w a s  
used. With the usual temperature versus power equation and assuming a 
median value fo r  antenna resistance, an equivalent monochromatic signal 
level w a s  selected. 

1.1 V @ 5 Kc BW = lo6 OK 
1.6 V @ 10 Kc BW = lo6 OK 

The figures used were: 

Using this equivalent signal a t  the center frequency of each channel 
and a Kintel DC voltmeter t o  measure output, gain figures were derived. 
The signal source used was a low impedance source; series inser t ion of 
impedance enables one t o  observe input impedance by means of observed 
decrease i n  DC output. 

3.4.2 Bandwidth 

Similar instrumentation t o  tha t  employed i n  4.1 above was used t o  
measure bandwidth, with the  addition of an electronic counter t o  measure 
frequency accurately. 

3.4.3 Logarithmic Response 

Linear-Logarithmic signal compression is  specified for  the 40 db 
dynamic range below maximum signal (+5 VIX: out), 
are acquired by adding attenuation a f t e r  achieving maximum signal out 
a t  center frequency. 

Therefore, these data 

3.4.4 Calibration 

The maximum cal ibrat ion signal available is 10l1 OK, determined by 
the gain messurement technique described i n  4.1 above, Equivalent D.C. 
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output voltages are assumed t o  indicate equivalent input p er levels. 
provides ca l ibra te  signals a t  10 F %, 109 OK, 

3.5 Prototype Design Versus Flight Model Design 

3.5.1 Programmer 

The present manual programer must be replaced i n  en t i re ty  by a d i g i t a l  
device. Assuming that available telemetry provides separate lines (rather  
than encoded pulse groups on one line), a series of flip-flops w i l l  be 
adequate, since a l l  functions are already voltage controlled. 
t i o n  is the  mode switch, where a latching relay would become necessary, 
It is eebiEst& that 16 f l ip- f l -e  and 8 m l t i p l e  gates muld be repired. 
In  micromodular form, the  programner might be expected t o  occupy four cubic 
inches . 

One excep- 

3.5.2 Temperature Sensors 

In the f l i g h t  model, temperature sensors a re  required. 
power regulator fo r  extreme s tab i l i t y  and accuracy would be required, 
together with thermistor bridges and impedance matching stages, 

An additional 

3.5.3 Flight Model Power Supply 

In the space vehicle, the raw power w i l l  be a battery a t  28 V * 4 V. 
High efficiency regulation and conversion w i l l  be necessary. 
un i t  for  about twice the output power has been designed and developed 
within EK for  use with a space-borne system. Slight modification and 
updating of t h i s  uni t  would supply the required k 12 V, 

A similar 

3.5.4 RF Section 

The entire RF section is suitable in i ts  present electronic design 
f o r  a space package. 
chassis w i l l  be necessary. 
mentally s tab le  equivalents, but i n  a l l  such cases it i s  known tha t  such 
an equivalent is available, 
of temperature compensation t o  its noise diode; otherwise, it is i n  the 
same category as the  Rl? section. 
to  minimize power consumption where feasible,  since it is presently marginal 
on the high s ide  of the  space-borne equipment requirements, 

Biechanical redesign t o  printed c i r cu i t s  and acceptable 
Several components w i l l  be replaced by environ- 

The ca l ibra te  c i r cu i t  w i l l  need the addition 

In repackaging, an attempt: w i l l  be made 

3.5.5 IF  Video 

The IF-Video section is  presently on a printed c i r c u i t  board and 
designed for  space environment; potting of loose assemblies and a new 
chassis only w i l l  be required, Experience with the  present equipment 
indicates tha t  no interchannel shielding is required; no evidence of 
crosstalk has yet  been observed. 
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3.6 Maintenance and Trouble-Shooting 

3.6.1 MatchingIDistribution System 

The matching/distribution transformer system is sensi t ive to tuning 
and t o  impedance. 
transformers must be accurately tuned t o  input frequency; tuning departures 
i n  excess of 50 Kc not only resul t  i n  loss,  but seriously a f fec t  input 
impedance by introducing shunt reactance. 
coupling the "master" transformer t o  each channel must have low ser ies  
impedance because of the  low impedance of the l inks coupling the "master" 
secondary t o  the  step-up primary, Therefore, care should be exercised i n  
using the  connectors, and contacts should be maintained clean. 

The secondaries of the individual channel step-up 

The cables and connectors 

In t he  f l i g h t  model, s tab le  fixed tuning and permanent cables w i l l  
be used t o  avoid possible maintenance problems. 

3.6.2 Calibrate Level 

It may become necessary or advisable t o  se lec t  some cal ibrate  level  
other than tha t  provide3; particularly,  individual channels may require 
different  ca l ibre te  levels. 

14 oK The over-all caffbrate  ls7el can be adjusted t o  any value up t o  10 
by varying the load resistor following the wide-band arzlplifier. 
i s  marked 81 on Figure 7. 

This r e s i s to r  

Individual ca l ibra te  levels  can be adjusted to system requirements 
by changing the  amount of attenuation i n  the i so la t ion  pads; the  appropriate 
r e s i s to r  is  designated R2 on Figure 7. 

3.6.3 Receiver Gefn 

It i s  desirable t o  adjust gain as  close t o  the system input a s  is 
feasible,  since reductio2s i n  gain t o  accommodate large signals could 
otherwise r e su l t  i n  degradation of the noise figure and/or input impedance. 
Therefore, the most at tzact ive adjustment point is the  gain of the f i r s t  
matching stage following the RF amplifier. 
r a t i o  of i t s  col lector  impedance t o  i ts  emitter impedance (1 K). 
collector impedance i s  4.7 K shunted by an emitter follower. 
follower AC load is varied t o  avoid DC problems with a potentially wide 
range of load values. 

3.6.4 Bandwidth 

The gain of t h i s  stage is  the 
Its 

The emitter 

The appropriate r e s i s to r  is marked R1 on Figure 9. 

The primary i n f l u e x e  on over-all bandwidth fs the  f i r s t  I F  amplifier 
stage; i t s  Q i s  the hienest i n  t h e  system. 
ing t h i s  stage controls both loaded Q and gain, since irs impedance is  
reflected in to  the collector c i rcu i t ,  
second IF input end controls over-all gain, when a current source i s  pro- 
vided, by acting as a variable current divider. 
r e s i s to r  may be adjusted, within limits, t o  control loaded Q. 
r e s i s to r  l imit  is 220 ohms, below which a current source does not exist 

The R-C d i d e  attenuator follow- 

The diode effectively shunts the 

Therefore, the  attenuator 
The lower 
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and the diode is ineffective. 
f i r s t  IF stage gain is constant. Within these limits, R 1  on Figure 10 
may be varied t o  control Q w i t h o u t  affecting gain or logarithmic response. 
The limits correspond t o  bandwidths from 30 Kc t o  1 Kc. 
i s  increased, bandwidth is decreased; simultaneously, f i r s t  IF stage gain 
increases and attenuation increases, leaving over-al l  gain nearly constant. 

The upper l i m i t  is  20 K, above which the 

As the res i s tor  

3.6.5 Integration Time 

Integration time is  provided by a Miller Integrator employing the 
output DC Amplifier micromodule. A capacitor is  connected across the 
negative feedback path. The equation governing integration t i m e  (7) is 
then: 

7 RCG 

where G = DC amplifier closed loop gain. 

Specifically, for  this receiver: 

T = I o ~ ~ c ~ ~ o = c ~ ~ o  5 

For the specified 0.1 second integration t i m e ,  a ?pf capacitor is 
connected. O t h e r  times may be selected by varying the capacitor designated 
Cy on Figure 10, 

3.7 T e s t  Results 

Results of tests on gain versus bandwidth fo r  each channel, a t  two 

The "A'' figures show output D.C. voltage versus frequency for  16 %, with 
the channel attenuator a t  10 db, and f o r  10l2 OK with the channel attenuator 
a t  40 db. 
output voltage over a wider frequency range, 

separate input levels, a r e  shown graphically i n  Figures 11 throu 14. 

The "B" figures show input R.F. power change f o r  constant DOC. 

The minimum signal (tangential signal) and the maxipwm signal observable 
a r e  charted in  Figure 15. 

Figure 16 shows input power versus output DOCo signal, i l l u s t r a t i n g  
linear-logarithmic response for  each of the four channels, 

3.8 Delivery 

The test r e su l t s  above showed that the receiver s a t i s f i ed  the require- 
ments of the RFP. 
t o  the University of Florida on June 23, 1965. 

Delivery of the prototype (engineering model) was made 
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4.0 T e s t s  Performed a t  t h e  University of Florida 

Section 3.4 describes t h e  testing procedures used by &en Knight t o  
insure t h a t  t h e  radiometer complies with the specifications i n  the RFP. 
The resu l t s  of these tests are shown in Figures 11 - 16. 
and G. R. Lebo v is i ted  Ewen Knight June 6-8, 1965, t o  discuss the apparatus 
used i n  t h i s  testing, and t o  witness cer ta in  of the tests, 

Drs. A, G. Smith 

Following delivery of the  engineering model i t  was deemed desirable 
t o  construct a shielded room and t o  assemble the necessary tes t ing  equipment 
t o  re-run the tests conducted by Ewen Knight. A pre-fabricated shielded 
room was acquired a t  no cost  from another department of the University of 
Florida awl t h i s  un i t  was erected i n  the Radio Astronomy laboretories of 
the Physics and Astronomy Building. The equipment used i n  the tes t ing is  
l i s t e d  below: 

1. 
2. 
3. 1 H e w l e t t  Packard Model 524B electronic counter 
4. 1 Telonic Model TG-950 0-100 db variable attenuator 
5. 2 H e w l e t t  Packard voltmeters (Models 400 AB and 410B) 
6. Various Tr ip le t t  and Simpson VOA meters 
7. 1 Sola line-voltage regulator 
8. 2 50-amp rf l i n e  f i l t e r s  

2 regulated Lambda dc power supplies 
1 H e w l e t t  Packard Yodel 606-A RF signal generator 

The test apparatus is shown i n  Figure 17. 

Drs. N. B. S i x  and G. R Lebo have now duplicated, at9 closely as 
possible, the tests rtln by men Knight, 
with those i n  Figures 11 - 16. 

Their r e su l t s  agreed quite w e l l  

The presence of significant image response i n  the gain versus frequency 
curves (Figures 11B,  12B, 1 3 B  and 14B) was a cause of same concern, since it  
might increase vulnerabili ty t o  interference, 
Knight w a s  called cpon t o  comment on t h i s  problem. 
reason fo r  re la t ive ly  poor image reject ion lay i n  the fact tha t  the "Q" of 
the f i r s t  RF stage i n  a l l  channels i s  approximately 40. 
octave, t h i s  leaves a loss  of only 1 2  db a t  200 Kc (image frequency) w a y  
from the 4 Mc center frequency. 

The chief engineer a t  Ewen 
He indicated tha t  the 

A t  12 db/bandwidth 

Three solutions are available: 

a. Increase Q of present stage 
b. 
C. Increase IF frequency 

Add one R.F stage with low gain, but high Q 

The present RF stage design cannot be increased i n  se lec t iv i ty  without 
introducing potent ia l  ins tab i l i ty ;  therefore, (a) is not prac t ica l  and (c) 
is  eliminated i f  a l l  IF'S remain the same, since i t s  frequency would be too 
close t o  the 500 Kc channel. Therefore, only (b) seems available as a 
solution. 
without changing the present front end, and would add minimally t o  the 
engineering cost  of a f l i g h t  model. 
could readi ly  be achieved. 

The design and insertion of such a stage could be undertaken 

Image reject ion of greater than 40 db 
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. 
5.0 Future Plans 

5.1 Testing 

The University of Florida engineering s ta f f  w i l l  help Dr. Lebo run more 
extensive tests on the engineering model. A broad-band noise source w i l l  
be constructed. 
common types of Jupiter pulses, and then fed into t h e  prototype receiver. 
The outputs w i l l  be catalogued t o  be used later fo r  coinparison with f l i gh t  
model tests, and s t i l l  later w i t h  actual in-f l ight  data. 

The output from t h i s  source w i l l  be modulated t o  resonable 

5.2 Programing 

-The sample output made available by t h e  tests j u s t  described vi11 also 
aid i n  coding a sui table  computer program t o  process the data. Drs. G. R. 
Lebo and N. F. Six have wri t ten v i r tua l ly  a l l  the 1.B.K 709 computer 
programs t h a t  are used to  process the University of Florida's ground-based 
data. 
ferent sites; the computer programs not only analyze them fo r  intensi ty  and 
probabili ty correlations w i t h  planetary and satell i te longitudes, but a l so  
f o r  polarization studies and correlations vith a number of so la r  and geo- 
magnetic parameters, 
sites. 
quant i t ies  of data. 

These data are obtained daily frommore than 20 channels a t  four dff- 

The programs also merge the data from the several 
Thus the Florida group is unusually experienced in handling massive 

Drs. A, G. Smith, G, R. Lebo and N, F. Six w i l l  visit Goddard Space 
Flight Center and possibly experimenters who have obtained output from 
experiments aboard the OGO satellite. 

Currently the University of Florida Computing Center operates I.B.M. 
709 and 1401 computers, along with a l l  of the necessary off- l ine equipment. 
While t h i s  present equipment is capable of handling the anticipated satell i te 
data,  by the t i m e  these data  are actually available an even fas te r  1.B.M. 
360/2050 w i l l  have been installed. The programs w i l l  therefore be written 
f o r  the latter system which w i l l  be located across the h a l l  from the Radio 
Astronomy data  reduction center in the new NASA Space Sciences Building 
scheduled f o r  completion in 1967. 

The above tes t ing  and programing w i l l  be supported by a contract 
amrded t o  the University of Florida Radio Astronomy Group by NASA on 
November 11, 1965. The contract is scheduled to  run through March of 1966. 

5.3 Flight-Model Proposals 

Drs. A. G. Smith, G. R. Lebo and N. F. Six vis i ted  D r ,  Nancy Roman's 
group a t  NASA Headquarters i n  August, 1965. A t  t h i s  meeting Dr. E. P. 
Mercanti, Experiment Coordinator fo r  OGO missions, suggested tha t  a proposal 
for  space aboard OGO-G should be submitted. 
during the contract period mentioned above. 

This proposal w i l l  be writ ten 

The poss ib i l i t i e s  of gett ing space aboard the following s a t e l l i t e s  are 

1. Radio Astronomy Explorer (R.A.E.) - NASA - Goddard 
2. Appollo (synchronous orbi t )  - NASA - Marshall 
3. Mamed Orbital  Lab (BiOL) - USAF. 

also being examined: 
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